Abstract. A global climatology of stratospheric aerosol surface area density has been developed using the multiwavelength aerosol extinction measurements of the Stratospheric Aerosol and Gas Experiment (SAGE) II for 1984-1994. The spatial and temporal variability of aerosol surface area density at 15.5, 20.5, and 25.5 km are presented as well as cumulative statistical distributions as a function of altitude and latitude. During this period, which encompassed the injection and dissipation of the aerosol associated with the June 1991 Mount Pinatubo eruption as well as the low loading period of 1989-1991, aerosol surface area density varied by more than a factor 30 at some altitudes. Aerosol surface area density derived from SAGE II and from the University of Wyoming optical particle counters are compared for 1991-1994 and are shown to be in generally good agreement though some differences are noted. An extension of the climatology using single-wavelength measurements by the Stratospheric Aerosol Measurement II (1978)(1979)(1980)(1981)(1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994) and SAGE (1979SAGE ( -1981 instruments is also presented. 
Introduction
The 1991 al., 1994], even during times that may be considered approaching "background" aerosol levels.
Since heterogeneous processes play such a significant role in stratospheric chemistry, it is important to develop and maintain a climatology of stratospheric aerosol properties, particularly surface area density. Herein, we present a climatology of aerosol surface area density deduced from Stratospheric Aerosol and Gas Experiment ( 
Theoretical Basis
The SAGE II instrument has approximately 30 measurement opportunities (events) each day, which occur as the orbiting spacecraft (the Earth Radiation Budget Satellite) encounters either a sunrise or a sunset. During these events, profiles of transmission through the atmospheric limb are obtained in seven spectral channels. The transmission profiles are then inverted to yield profiles of 03, NO2, and H20 concentration and aerosol extinction. The estimation of aerosol surface area density (S) is based on the magnitude and wave- [1993] developed an effective method for the identification of clouds (both cirrus and PSCs) in the SAGE II data based on the wavelength dependence of extinction. Cloud events have been eliminated from this study using that approach. Volcanic ash is considered to be a relatively short-lived phenomenon following an eruption, and its impact has not been accounted for in the following work.
On the basis of these assumptions the extinction at a given wavelength and altitude is given by
•o © dn (r) kx = rrr2Q(r, mx) dr dr,
where Q is the Mie extinction efficiency as a function of particle radius (r) and refractive index (mx), which in turn depends both on wavelength and on particle composition, and dn(r)/dr is the number of particles per unit volume per unit radius in the interval between r and r + dr. The aerosol surface area density can be expressed in a similar form as fo © dn(r) S= 4 rrr 2 dr' dr.
For aerosol with r > 0.5 /xm, Q(r, ml) for the SAGE wavelengths approaches a value of 2, and the relationship between S and extinction simplifies to
where kl is expressed in units of km -• and S in •m 2 cm -3.
More generally, the relationship between S and extinction is highly nonlinear, and the estimation of S from SAGE II observations is not so straightforward. There are several techniques by which S can be estimated from the aerosol extinction ensemble measured by SAGE II. To some degree, all require that the aerosol size distribution be retrieved as an intermediate step. However, since there are only four measurements, and these are not totally independent (particularly the three shorter wavelength measurements) and are measured with -10% uncertainty, it is not possible to uniquely identify the underlying size distribution [e.g., Twomey, 1977] . In fact, all the retrieval techniques which have been used with the SAGE II aerosol data constrain the size distribution (and hence S) by either using a model such as the lognormal [Yue et al., 1986] or imposing a smoothness constraint [Thomason and Poole, 1993] . Such constraints can have a pathological impact on the estimation of quantities that depend heavily on either tail of the size distribution, such as mean radius or total number density. However, more reliable information can be derived on higher-order integral properties of the aerosol size distribution, such as S and total volume. It has also been found [Yue et al., 1995; Thomason and Poole, 1993 ] that estimates of S are not highly sensitive to the details of the retrieval process. Herein, we employ principal component analysis (PCA) [Twomey, 1977; Thomason and Poole, 1993] , a method that is reliable and requires little computa- •m 2 cm -3.
Comparison of SAGE II and Optical Particle Counter Surface Areas Estimates
The accuracy of using SAGE II extinction data to estimate S can be evaluated by comparison with estimates of S derived from the University of Wyoming balloon-borne in situ optical particle counter ( To provide a functional form for the OPC particle measurements, lognormal size distributions are assumed. An adequate representation of measurements after large volcanic eruptions and in stratospheric clouds usually requires bimodal distributions. Each lognormal distribution is specified by three parameters, the total number concentration Ni, the median radius ri, and the distribution width s•. In an optimization scheme, values for these parameters are selected to minimize the differ- 
